Purpose The aim of this study is to introduce the port-less laparoscopic repair of pediatric inguinal hernia as a novel technique to minimize the operative time, umbilical scar, patient charge and hospital costs. Methods In this prospective study, all patients admitted for laparoscopic inguinal hernia repair, from July 2017 to August 2018, were included. 68 children (aged 1-104 months) were randomly allocated to two groups: standard group included 34 patients using single port for telescope access and port-less group included 34 patients using direct camera insertion through umbilical stab incision. All patients were followed up for 6 months. Chi square, independent samples t test and multiple linear regression analysis were used to analyse the data. p value less than 0.05 was used for all analysis. Results The mean length of the umbilical scar and operative time were significantly higher in Group 1 compared to the port-less group. There was no significant difference in the insufflated CO 2 , length of hospital stay and incidence of infection. In multiple linear regression analysis, after adjustment for confounding variable, there was a significant difference between the mean operative time (β = 11.19, p < 0.001) and the mean length of the umbilical scar (β = 1.52, p < 0.001) between portless and standard groups. The use of the port-less laparoscopic technique results in less cost to the hospital and the patients. Conclusions Applying the port-less laparoscopic technique for inguinal hernia repair in pediatrics produces the same results compared to the single-port technique, with fewer costs, operative time and postoperative scar.
Introduction
During recent years, the trend toward laparoscopic approach for hernia repair in children has been increasingly justified. With the increase in laparoscopic inguinal hernia repair, several treatments have developed over the past two decades, aimed at the increasing use of extracorporeal knotting and decreasing use of working ports and endoscopic instruments [1] . Over time, the trend toward the three-port [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] technique changed to two ports [12] [13] [14] [15] and then to one(single) port [16, 17] . The latest advancement in pediatric hernia surgery is single-port endoscopic-assisted percutaneous extraperitoneal closure of the hernia defect. In the singleport technique, the ligation of the hernia defect could be achieved percutaneously without the need for intracorporeal manipulation of the needle and knot tying [16, 18, 19] . Subcutaneous endoscopically assisted ligation (SEAL) is one of these reported single-port techniques, first described in 2005 [20] using only the camera port inserted via an umbilical incision and extracorporeal subcutaneous knotting that decreases the number and size of skin incisions and reduces the operative time over the traditional three/two ports laparoscopic hernia repair due to the less number of ports and no need for intra-abdominal surgical maneuvers. The aim of this study was to assess the feasibility, safety and potential benefits of laparoscopic repair for congenital inguinal hernia (CIH) in our hospital using the port-less technique. As far as we know, there is no paper in the literature describing outcomes following port-less transumbilical camera insertion technique. Our intention was to consider the new idea of the ability to carry out the pediatric minimally invasive surgery without port insertion and without continuous CO 2 gas insufflation. If laparoscopy by a non-port method is proved to show good performance, this can be done in some other surgical procedures In fact, the reasons for using the port in minimally invasive surgical procedures include air intakes, frequent removal and reinsertion of tools, and instrumental protection against abdominal muscle tension. We find that none of these cases were true for children's hernia repair surgery, and the volume of gas to be injected was very low. This prospective randomized study was conducted to assess the feasibility of port-less laparoscopic repair of the inguinal hernia and benefits of this technique in improving outcomes and cosmesis in comparison with the standard (single-port) SEAL technique for inguinal hernia repair in the pediatric population.
Materials and methods

Study population
Between July 2017 and August 2018, 68 patients (aged 1-104 months) with congenital inguinal hernia (CIH) presented to the outpatient clinic and were eligible to be enrolled. Boys less than 2 months old, for fear of damage to cord structures, and children whose parents declined their participation in this study were excluded. We used blocked randomization with block sizes of four with an equal probability to enroll the eligible patients to groups: patients who underwent hernia repair using single-port SEAL procedure (group A with 34 patients); and patients managed using the same technique, but without umbilical port placement and with the method of directly inserting the laparoscope into the peritoneal cavity (group B with 34 patients). In this study, we describe our experience in the last 2 years with a port-less minimally invasive technique for pediatric inguinal hernia repair.
Data collection tools
This study is an early experience of port-less laparoscopic repair of inguinal hernia. The feasibility of 0-port (port-less) laparoscopic repair of the inguinal hernia, conversion rate and need for the umbilical port were the main measurements. The data collection tool included a questionnaire with two parts and a checklist of items. The first part of the questionnaire included the patient's individual characteristics, i.e., age, gender and body weight. Additional information was collected including duration of the operation as well as insufflated CO 2 volume, ability to maintain adequate pneumoperitoneum and any intraoperative complications. The second part of the questionnaire comprised the data collected after the operation from the operating room in the surgical ward and follow-up clinic and included the hospital length of stay, number of pain-reliever drugs, length of the umbilical scar, incidence of wound infection, recurrence rate and any postoperative complications. All patients were examined after 1 week and then at 3 and 6 months.
Informed consent and ethical considerations
The research ethics committee approved the technique. Written consent was obtained from the family after getting full information about the details of the surgery, so all patients participated voluntarily in the study. This study was conducted at Ali Asghar Children's Hospital, Tehran, Iran, during 2018. The overall study process was approved by the Research Ethics Committee of Iran University of Medical Sciences and the protocol was registered by the Iranian Registry of Clinical Trials (No. 20181023041424N1).
Standard SEAL technique
Under general endotracheal anesthesia, after appropriate surgical draping and preparation, pneumoperitoneum was established by the open Hasson technique. A 5 mm port was inserted from the umbilicus. The pneumoperitoneum pressure was adjusted to 8-12 mmHg according to the child's age and condition. A laparoscopic camera (Telescopes 30°) was introduced through this port.
Trendelenburg position with the head down by 30° to keep the bowel away from the field of work helped in reduction of the hernia contents and gave a better visualization of the rings. Initial visualization of both internal rings and laparoscopic abdominal exploration was done in all cases. The internal ring was looped under endoscopic control using a 2-0 non-absorbable suture swaged on a large needle (37 mm, curved round body) introduced percutaneously using a conventional needle holder. The hernia sac neck was closed by purse-string nylon suture as high as possible without ligation of the upper subcutaneous tissues and the lower peritoneal gap. Knot tying was performed extracorporeally; the knot was fixed deep in the abdominal wall and placed in the correct deeper plane. The 5 mm umbilical port site was closed with an absorbable suture after peritoneal desufflation. The skin was approximated and a dressing applied.
Port-less SEAL technique
Through a vertical incision in the umbilicus, pneumoperitoneum was created by the Veress needle in this group and the peritoneal cavity insufflated with intra-abdominal pressure ranging from 8 to 12 mmHg. Whenever capnoperitoneum was established, CO 2 gas insufflation was discontinued. Then, after removing the Veress needle and minimally widening the umbilical fascia at the Veress needle site of entrance using a mosquito forceps, the telescope was introduced directly into the peritoneal cavity through this umbilical stab incision without utilizing a port. Subcutaneous endoscopically assisted ligation (SEAL) of the hernia defect in this group was performed by the same surgeon using the same technique. After peritoneal desufflation, the umbilical fascia remained unclosed and the skin was closed with an absorbable suture ( Fig. 1 ).
Statistical analysis
Categorical data were expressed as the number and percentage, and quantitative data were expressed as the mean (standard deviation). Perioperative data, complications and outcomes of both procedures were statistically analyzed using the Chi square test, Fisher's exact test and independent samples t test. Multiple linear regression analysis was used to adjust the confounding variables. The Statistical Package for the Social Sciences (SPSS) software version 22 was used 
Results
This study included 68 patients allocated randomly into two groups. As shown in the study flowchart, 87 patients with inguinal hernia presented to our outpatient clinic and were eligible to be enrolled. We excluded 19 patients for the following reasons: 5 parents declined to participate in the study and 14 boys were under 2 months old and we preferred to repair their hernias with conventional open surgery. The patient's general characteristics are presented in Table 1 . According to the results of this table, in terms of age and weight there were no statistically significant differences between the groups. However, the number of females in the port-less group was higher than in the standard group, and the difference was statistically significant in term of sex (P = 0.028). The analysis was based on data from the remaining 68 patients. The details of the study flow are shown in Fig. 2 .
The operative and postoperative data are presented in Table 2 . According to this table, there were significant differences in operative time and length of umbilical scar between the two groups in favor of the port-less SEAL group. The operative time (mean difference: 11.6 min, p < 0.001) and length of umbilical scar (mean difference: 1.53 mm, p < 0.001) were significantly lower in the portless SEAL group compared to the standard SEAL group. The amount of carbon dioxide used per case was directly measured and compared between the two groups. There were three instances of intraoperative gas leakage through the umbilical camera entrance site and subsequent significant loss of pneumoperitoneum among the patients of the port-less group. These three children had concomitant umbilical hernia and we had to re-establish pneumoperitoneum to resume the operation. Interestingly, despite this problem, the mean insufflated CO 2 volume in the port-less group was lower than that in the standard group, though the difference between the two groups was not statistically significant (p = 0.08). There were no intraoperative complications reported in either group. All patients were examined after 1 week, and then at 3 and 6 months for postoperative follow-up.
By using multiple linear regression analysis, after adjustment for demographic variable of sex, there was a significant difference between the mean operative time (β = 11.19, p < 0.001) and mean length of umbilical scar (β = 1.52, p < 0.001) between the port-less and standard SEAL groups ( Table 3) . The mean operative time in the port-less SEAL group was 11.19 min shorter than that in the standard single-port SEAL group. The mean length of surgical scar in the port-less group was 1.52 mm shorter than that in the standard group. There was no significant difference in the mean number of post-surgical pain-reducing medication administration and length of postoperative hospital stay in group 1 and 2. The incidence of umbilical wound infections and postoperative inguinal hernia recurrences were equal during the 6-month postoperative period for the study groups. The surgical cost to the patient for each disposable laparoscopy port was found to be $50 and our technique of using umbilical stab incisions instead of conventional laparoscopic ports resulted in a decrease in patient charges and hospital costs. 
Discussion
The traditional method of introducing laparoscopic instruments requires cannulas for instrument access to the peritoneal cavity. Stab incisions (SIs) for instrument access were initially used for laparoscopic pyloromyotomy and then it was adapted for use in laparoscopic fundoplication [21, 22] . Using port-less working instruments reduces the incision size, thus making it cosmetically appealing as compared to the conventional open pyloromyotomy [23] . After initially showing safety, efficacy and cost-effectiveness of SIs instead of instrument cannulas to obtain access to the abdominal cavity with laparoscopic fundoplication, many surgeons have used this technique over the past 15 years [24] [25] [26] . The nature of thin abdominal wall in children with short anteroposterior distance allows us to introduce instruments through the child`s abdominal wall easily whether in an infant or teenager. The use of SIs for instruments is especially applicable when there is no need for instrument exchanges during an operation. Examples of such instruments include the grasper used for retracting the appendix during a laparoscopic appendectomy, the liver retractors, the grasping instruments used during a fundoplication, the two accessory instruments for splenectomy and the two right-sided instruments for laparoscopic cholecystectomy [27] . Although the camera is such an instrument that is not removed and reinserted routinely, the technique of transabdominal/trans-thoracic wall SI for direct camera insertion has not been reported previously.
Considering that most of the catastrophic complications during minimal access surgery occur during insertion of the trocars [28] [29] [30] , the technique of SI for instrument access reduces port-related complications; soft tissue injury and body wall destruction by further reduction of surgical invasiveness. This approach has recently had more publicity, as surgeons continue to develop techniques to evolve surgery to less invasive approaches.
Laparoscopic surgery without even one port for continuous CO 2 gas insufflations in the pediatric population is a new idea that provides this possibility to introduce the telescope directly into the peritoneal cavity via a small SI through the child's umbilicus. This allows us to carry out the operation after just one-time establishment of appropriate CO 2 insufflation at the beginning of the procedure. In this technique, with the discontinuous insufflation method, the total amount of carbon dioxide entering the peritoneal cavity and subsequent intra-abdominal pressure (IAP) are less than those in conventional laparoscopic surgery during a specific time interval, which can be of great benefit to the patient and anesthetist.
Anesthesia difficulties in laparoscopic procedures in small children are directly associated with high IAP. Elevated IAP results in a decrease in venous return and a subsequent decrease in cardiac output. On the other hand, capnoperitoneum causes visceral pain due to stretching (peritoneal and diaphragmatic) and results in variable systemic CO 2 absorption and acidosis [31] . Theoretically, initiating CO 2 insufflation at the beginning of the operation and discontinuation of gas insufflation after camera insertion can lead to less intraperitoneal pressure due to no replacement of leaking gas during the procedure.
In our study, the maximum IAP was 12 mmHg and the mean insufflated CO 2 volume in the port-less group was 422 cc lower than that in the single-port group with continuous insufflations. Although this difference was not statistically significant (p = 0.066), it shows however that patients in the port-less group received an average of 422 cc carbon dioxide less than the children in the other group.
As the operation progresses and needles are moved in and out for extracorporeal ligation of inguinal hernia defects, a small gas leak will develop that will not be replaced. Despite our concern about losing an adequate pneumoperitoneum due to the absence of umbilical port and its connection to carbon dioxide gas insufflator, there was no difficulty with the loss of pneumoperitoneum during port-less laparoscopic hernia repair among a majority of our cases (31/34 = 91.1%). Only in three children with concomitant umbilical hernia with the absence of underneath abdominal fascia that is essential to allow a snug fit and minimize the chance of a gas leak, significant loss of pneumoperitoneum was problematic and forced us to re-establish the pneumoperitoneum with a Veress technique for the second time with no need for port insertion. Pneumoperitoneum was maintained without loss of visualization and with no conversion or port insertion for the remaining 31 cases in the port-less group. These results confirm the feasibility and efficacy of laparoscopic hernia repair without a port in congenital inguinal hernia in children.
In adults, most surgeons do not close the 5-mm port sites, but in children these sites have a risk for herniation or omental evisceration, so it is advocated that the fascia of a 5-mm port be closed [32, 33] . The most commonly used telescope in our hospital is the 4-mm, 30° lens that is 18-cm long. A 4-mm telescope actually requires a 4.5-mm port, and the incision usually is between 4.5 and 5 mm in length. However, direct introduction of the 4-mm camera into the peritoneal cavity requires only 3-4 mm skin incision (taking into account the flexibility of the skin). With small fascial defects, the risk of herniation decreases and the cosmetic results are improved. One thing for sure is that patient preference would be a minimal wound. Quantitative scar measurements took place during postoperative follow-up visits on day 30. It was difficult to identify the 3-mm-direct telescope insertion site in the child`s umbilicus [ Fig. 1f ].
In this study, the mean length of surgical scar in the portless group was shorter than that in the standard group. In addition, the use of SIs instead of instrument cannula results in a smaller defect in the abdominal wall. These stab sites were closed with the skin approximation alone instead of necessitating surgical closure of the abdominal fascia, unless there was a concomitant umbilical hernia.
Three children in the port-less group were noted to have umbilical hernias at the time of operation and had remarkable gas leak through the camera entry site. Following standard PDS fascial repair after inguinal hernia sac ligation, neither developed postoperative complication. Maybe it was better and time-saving to consider port insertion at the beginning of the procedure to prevent loss of visualization and further attempts of re-insufflation in these patients.
The average operative time for unilateral repairs generally has been in the range of 10-20 min, and for bilateral hernia, in the range of 15-30 min. The mean operative time in the port-less group was approximately 11 min shorter than that of the single-port group probably due to the time saved in the placement of the umbilical port and closure of the fascial defect at the port site in a single-port group.
Two children in either group developed a minor wound infection and umbilical skin erythema responded to topical antibiotics during the first month after surgery. The incidence of umbilical wound infection was equal for study groups (p > 0.999).
Also, we noted two children in either group to have postoperative hydrocele formation that was observed conservatively and managed without further surgical intervention (4/68 = 5.88%). No child reported having a postoperative recurrent inguinal hernia, port site or incisional hernia in 2 years of this study. Recurrence rates after laparoscopic hernia repair are described and published in the literature [34] [35] [36] [37] as between 0 and 4.4%. Shalaby et al. reported a hernia recurrence rate of only 0.23% [38] . It seems that the use of non-absorbable suture materials to close the internal inguinal ring has led to a clear reduction of postoperative recurrences in our patients.
In the present study, we compared the results of a port-less and single-port technique for laparoscopic repair of congenital inguinal hernia and found significant differences between the two groups for mean operative time and length of the surgical scar. Our present results also confirm the feasibility and efficacy of direct camera insertion and discontinuous gas insufflation as a novel idea for laparoscopic operations in the pediatric population.
The main limitation of the present study is the relatively few patients and the exclusion of very young male infants for fear of damage to cord structures. The follow-up of our patients is short and further prospective studies with large sample sizes including all pediatric age groups, possible randomization and long-term follow-up in other centers and children's hospitals should be conducted to confirm the results of our preliminary study. Another limitation regarding the port-less SEAL technique procedures is that the telescope gets fogged and needs some cleaning, something which happens very commonly in small children. We recommended cleaning the lens without withdrawal of the scope and without removing it from the abdominal cavity by inserting it further and rubbing it into the parietal peritoneum, the internal surface of the abdominopelvic wall. This is usually effective, but if the lens is not cleaned, the camera must be removed and reinserted after re-insufflation.
Conclusions
Regarding operative time, postoperative umbilical scar (superior cosmesis) and significant cost savings related to the elimination of umbilical ports, our technique of port-less laparoscopy in infants and young children can give comparable outcome to standard laparoscopic surgery and results in a decrease of charges to these children undergoing laparoscopic inguinal hernia repair, with no compromise to safety or surgical technique. We recommend direct telescope entry into the peritoneal cavity after CO 2 insufflation in patients without a concomitant umbilical hernia.
